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PURPOSE: To provide a semiconductor device integrated with 
logic circuits such as full adders, operating at high speed and 
having small circuit scale by providing a function for outputting 
the complementary sum signal and the complementary product 
signal for three pairs of complementary inputs while using plural 
specified circuits. 

CONSTITUTION: The full adder circuit is constituted by 
providing a logic generation part composed of the four elements 
of NMOS transistors 2-5 and a latch circuit composed of the 
two elements of PMOS transistors 6 and 7 as a basic circuit, 
arranging three pairs of basic circuits 1. 8 and 9 and using 
inverters 10-13 as driver circuits at signal output parts. As to 
three pairs of complementary inputs of input signals 14 and 15, 
input signals 16 and 17 and input signals 18 and 19, two pairs of 
complementary outputs of output sum signals 20 and 21 and 
output carry signals 22 and 23 are provided- This circuit is 
accelerated by 14% on the condition of a power supply voltage 
of 1.2V, and the number of transistors can be decreased by 12 
pieces. Thus, the signal processing circuit can be accelerated 
and reduced in a chip area. 
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TRANSLATION OF RELEVANT PORTION 
IN JAPANESE PATENT LAID-OPEN (KOKAI) No. HEI 6-187129 

[Scope of Claim for a Patent] 

[Claim 1] A semiconductor device having a first output 
terminal to which connected are drain of a first NMOS transistor, 
drain of a second NMOS transistor, drain of a third PMOS 
transistor and a gate of a fourth PMOS transistor, and a second 
output terminal to which connected are drain of a fifth NMOS 
transistor, drain of a sixth NMOS transistor, a gate of the 
third PMOS transistor and drain of the fourth PMOS transistor, 
each of the first, second, fifth and sixth NMOS transistors 
being supplied with a signal at the sources or gates thereof, 
the third and the fourth PMOS transistors being connected at 
source thereof with a high voltage power supply, the first 
output terminal and the second output terminal has a circuit 
arrangement arranged to generate outputs complementary to each 
other, the semiconductor device characterized in that the 
semiconductor device employs a plurality of the circuit 
arrangements, whereby the semiconductor device is provided 
with a function for generating a complementary sum signal and 
a complementary product signal for three pairs of complementary 
inputs . 

[Claim 2] The semiconductor device according to claim 1, 
wherein the semiconductor device employs a plurality of circuit 
arrangements, whereby the semiconductor device is provided 
with a function for generating a complementary sum signal for 
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three pairs of complementary inputs and a complementary sum 
signal and a complementary product signal for two pairs of 
complementary inputs, under the condition that the 
semiconductor device is supplied with three pairs of 
complementary inputs . 

[Claim 3] The semiconductor device according to claim 1, 
wherein the semiconductor device employs the circuit 
arrangement, whereby the semiconductor device is provided with 
a function for generating a partial products between a Booth 
code resulting from a conversion for multiplication and a 
multiplier or a multiplicand. 

[Claim 4] The semiconductor device according to claim 1, 2 
or 3, wherein said circuits are combined to implement a 
multiplication function in the device. 

[Claim 5] A semiconductor device in which a signal processing 
circuit is implemented by employing the circuits as claimed 
in claim 4 , 

[0009] 

[Operation] If the above-described basic circuits are 
combined to implement the full adder circuit of the present 
invention shown in FIG. 1, it becomes possible to improve the 
operation rate by 14% and reduce the number of transistors by 
32% as compared with the prior-art full adder circuit shown 
in FIG. 2. The operation rate introduced for comparison is 
a value calculated by a computer simulation. Further, since 
the prior-art circuit is composed of complete CMOS type 
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transistors, the ratio between the number of PMOS transistors 
and the number of NMOS transistors becomes 1:1. However, in 
the circuit according to the present invention shown in FIG. 
1, the number of NMOS transistors are larger than the number 
of PMOS transistors. Thus, it is expected to decrease the area 
occupied by components more than decrease achieved by only the 
reduction in the number of transistors. This is because the 
NMOS transistor has a higher capability to a driving current 
than that of the PMOS transistor and hence a circuit of NMOS 
transistor can be implemented by a smaller gate width than that 
of a circuit of PMOS transistor. 

[0010] When the full adder circuit of the present invention 
shown in FIG. 1 is composed of transistors of a low threshold 
voltage, it becomes possible to increase the operation rate 
dramatically. For example, an experiments reveals an 
improvement of the present invention. That is, the circuit 
of the present invention shown in FIG. 1 and the circuit of 
the prior art shown in FIG. 2 were subjected to evaluation for 
comparing respective operation delay times with each other by 
a computer simulation under the condition of a power source 
voltage of 1.2V and a threshold voltage of 0.5V. According 
to the result of the evaluation, it was confirmed that when 
the threshold voltage was changed from 0.5V to 0.2V, 
improvement in operation rate was achieved by 2 6% in the circuit 
of FIG. 2 while achieved by 38% in the circuit of FIG. 1. 
According to the result of the evaluation, it was confirmed 
that the circuit of the present invention shown in FIG- 1 offers 
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more improvement when the circuit was composed of transistors 
of low threshold voltage than the circuit of the prior art shown 
in FIG. 2 when composed of transistors of low threshold voltage . 
[0011] 

[Description of the preferred embodiment] Fig. 1 is a 
block diagram illustrating the principles of the first 
embodiment of the present invention and shows a full adder 
circuit according to the present invention. The full 
adder circuit is constituted by providing a logic 
generation part composed of four elements of NMOS 
transistors 2, 3, 4 and 5, and a latch circuit composed 
of two elements of PMOS transistors 6 and 7 as a basic 
circuit, arranging three pairs of the basic circuits 1, 
8 and 9. The full adder circuit is also provided inverters 
10, 11, 12 and 13 in a signal outputting part as a driver 
circuit . 

[0021] 

[Effect of the invention] According to the circuit 
arrangement of the present invention, it becomes possible to 
improve the operation rate of a multiplier and a signal 
processing circuit composed of the multiplier. Also, it 
becomes possible to reduce the areas occupied by chip 
components. For example, if a multiplier is formed of a size 
of 16 bits X16 bits, improvement was achieved in the operation 
rate by about 20% and at the same time the chip area reduction 
was achieved by 20% as compared with the prior art circuit . 
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